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Figures
1. The Digital Economy and Society Index (DESI) is a composite index by the European Commission based on i) the deployment of broadband infrastructure and its quality; ii) endowment with ICT skills; iii) the variety of activities performed by citizens online; iv) the digitalisation of businesses and in particular SMEs; and v) the digitalisation of public services.
2. The business sector digitalisation indicator is computed as the average percentage share of enterprises i) selling online at least 1% of their turnover; ii) connecting to the internet via mobile broadband; iii) buying cloud computing services over the internet; and iv) exchanging electronic messages with public authorities. It is normalised between 0 (less) to 1 (more digitalisation). 
B. Digital economy and society indicator (DESI) and R&D expenditures

Figure 2. Austria is an innovation leader in e-government but diffusion is slow among households
1. Pre-filled forms measures to which extent data known to the public administration is pre-filled in forms presented to the user. Online service completion measures to which extent the steps in an interaction with the public administration can be performed completely online.
2. Enterprises using automated data exchange for sending or receiving data to / from public authorities.
3. Individuals using internet to interact with public authorities.
Source: OECD ICT database and Eurostat.
Austria's current position in digitalisation is in line with its secular "technological follower" model (OECD, 2007) . The distance of the business sector to the frontier typically widens when the frontier moves rapidly. Even so, gaps tend to be gradually resorbed and global good practices end up being widely shared in the economy and society. Various mechanisms of knowledge diffusion backed by social partnership, including the market-responsive vocational education and training system, help secure this broad-based propagation (Musset et al., 2013) . Lags do happen in the diffusion of international innovations (Tellis et al., 2003) , but so far they have been considered as temporary and relatively benign. Nonetheless, the present gap in digital innovation may turn out to be more disturbing:
i Digitalisation entails increasing returns for successful innovators (Box 1). Changing competition conditions in "winner-takes-all" markets risk relegating lagging firms far from the global frontier, with durable productivity, competitiveness and well-being losses (OECD, 2016c); ii Too small a group of "enabling customers" (households and firms purchasing innovative goods and services) may deprive local producers from a dynamic local market, with negative feed-back effects if full access to the broader international market is not secured (Atluri et al., 2016) ;
iii Active engagement of the society as a whole in support of digitalisation would facilitate the adjustment of the broad set of legal, regulatory and labour contractual frameworks. Successful adjustments may generate a virtuous cycle accelerating digital transitions. Otherwise, a vicious cycle may slow them down (Blix, 2015) .
Box 1. Special economic impacts of digitalisation
The codification of analogue signals to binary bits and the emergence of internet have revolutionised information processing, data transmission and communication on a global scale. This takes many forms such as exchanging emails as a substitute to letters, encoding business and industrial processes, translating analogue measures into a form enabling computer calculations and control, and using social networks as alternatives to face-to-face interaction (DSTI/CDEP/GD(2017)4).
Economic activities subject to digitalisation, i.e. incorporating a significant share of digital techniques in their products, services or work processes, undergo major changes in their cost structures and competition conditions (OECD, 2017a) . Notably, contrary to traditional manufacturing and services with high fixed costs and substantial marginal costs, the lower marginal costs of digitalised products and services enable firms and platforms to scale up very rapidly. In such activities, successful early movers rapidly build up a dominant position in national and international markets, especially in those with network externalities. On the demand side, the rapid spread of information on social networks hastens the emergence of such "superstars", with fast reputation build-up and prompt access to financial marketswhich further accelerate the growth of winners. In turn, these developments can suddenly go in reverse. Resulting variations generate sharper fluctuations than in the past in firm-level employment and skill demand, which may conflict with expectations of stability -of employment tenure by workers, of profits by investors and of predictability of aggregate activity in local communities.
There is shared awareness in Austria of the benefits of broad-based digitalisation, and of the factors which may stagger and therefore slow down its diffusion in the business, government and household sectors. There is also awareness that the acceleration of digitalisation might disrupt the labour market and social cohesion, eroding social support for digitalisation. A "Digital Roadmap" introduced in 2017 at the federal government level, and similar initiatives at Länder level, reflect this awareness and the shared policy objective of accelerating the digital transitions and anticipating their disruptive impacts (see Box 4, on "Austria's Digital Roadmap", in the Assessment and Recommendations).
Convergence with the global technological frontier is uneven across sectors and firms
Recent OECD research has shed new light on the diffusion of frontier technologies and on productivity convergence in OECD economies, with implications for Austria. Between 2001 and 2013, frontier firms across OECD countries achieved steady productivity increases, while laggard firms did not, contributing to increased productivity and income divergence between the top and the bottom . The specific influence of digitalisation in this regard has only just started to be investigated. Early evidence suggests that the discontinuities associated with digitalisation may be further altering the path of diffusion of new technologies, making them even less uniform.
Productivity gaps result less from higher capital investment by successful firms than from their higher multi-factor productivity (MFP) gains, i.e. more efficient combination of capital and labour, partly aided by technological and non-technological innovations. These firms may be more advanced in digital transitions (Hall et al., 2012) . They appear to possess superior capabilities to make good use of digital technologies and a more supportive intra-firm environment, such as well-informed management, more information-intensive business models and more innovative and flexible work practices (OECD, 2016c; OECD, 2013b) .
The gaps between frontier firms and laggards are the largest in areas where regulation restricts competition. Available estimates suggest that up to half of MFP divergence may have been avoided and the diffusion of the best technologies and organisational models would be accelerated if countries engaged in more extensive market liberalisation, in particular in services . As services in Austria are relatively less exposed to competition (OECD, 2017f, EC, 2016 , digitalisation in these sectors may be negatively affected.
Specifically, four policy areas are important for the diffusion of best practices: i) reducing barriers to entrepreneurship; ii) reducing the rigidity of employment rules; iii) reducing the cost of bankruptcies; and iv) improving access to venture capital (Andrews et al., 2015) . Austria stands out as one of the OECD countries which can accelerate technological catching-up and productivity convergence through policy reforms in these areas.
Furthermore, trade with frontier countries, participation in global value chains (GVCs), quality of skill match in labour markets and e-government readiness are found to be positively correlated with the diffusion of frontier technologies. Early exit avenues for failing firms also exert an impact. Austria appears to have room for further convergence with OECD policy innovations in these areas as well (Saia et al., 2016) .
Start-up dynamics play a special role in technology diffusion and productivity convergence through vintage (firm cohort) effects. Calvino et al. (2016) examine the role of new firm creation and expansion across OECD countries and find that Austria has room for progress. The vigour of the process is measured by the rate of job creation by new firms, and ten policy areas (including tax incentives for start-ups, tax schemes affecting the supply of entrepreneurial funds, independence of bank supervision, etc.) are found to have a relationship with the dynamism of start-ups.
OECD research also suggests that digitalisation makes the diffusion of productivity-enhancing practices more staggered and less linear (OECD, 2016d) . In the ICT-intensive sectors, frontier firms increase their market share more rapidly and productivity divergences are deeper. In addition, the productivity of "elite" firms (defined as the 2% most productive enterprises in each sector) diverges further from the already strong productivity of other frontier firms. Declining marginal costs due to digitalisation further nurture such "winner-takes-most" competition (Moazed and Johnson, 2016) . Other factors are also found to prevent the broad-based diffusion of new technologies, including their increased complexity, the higher role of tacit knowledge, the monopolistic pricing of some of the goods and services embodying them, and the necessity of complementary investments to transform firms' business models (OECD, 2016d) .
Microeconomic analyses of front-runner and laggard firms highlight some further developments. Tentative metrics on the distance between front-runners and laggards across different dimensions of digitalisation (such as spending in ICT hardware, software, telecommunications; share of digital payments; share of digital tasks and jobs) confirm that gaps between firms are large and are correlated with firms' financial strength and investment and skill acquisition capacity (McKinsey, 2016a) . Divergences thus risk becoming self-perpetuating. In addition, three factors influence firms' capacity to converge with the frontier: i) their "operational context" (their market's technical proneness to digitalisation); ii) the degree of competition they are exposed to; and iii) their size. Different sectors populated by different types of firms therefore follow uneven digitalisation paths. "Knowledge-intensive" sectors are already highly digitalised (they encompass ICT producing sectors themselves, media and finance). "Capital intensive" sectors have further potential to digitalise their physical assets, including in oil and gas, chemicals and basic manufacturing. Services have a long tail of small firms with large additional room for digitalisation. These observations imply that Austria's leading manufacturing firms are likely to be close to the global digital frontier, while smaller size manufacturing businesses on the one hand, and service firms less fully exposed to global market conditions on the other, may face handicaps.
As Austria has a strong presence in medium-to-high technology sectors and is an innovative and competitive provider of intermediary inputs in global value chains (Stehrer and Stöllinger, 2013) , the capacity of manufacturing firms to fully draw on the digital revolution is of special interest to policymakers. An aggregate measurement of the propagation of digital technologies across sectors, approximated by the share of workers using a computer with internet access, suggests that Austrian manufacturing is in an intermediary position among OECD countries, but still behind peer countries. This gap is nonetheless smaller in manufacturing than in services (Figure 3) . Digitalisation is more advanced in sectors that themselves produce digital goods and services, and Austria's gap vis-à-vis the OECD frontier is smaller in these activities. However, the diffusion of machineto-machine communications which can be seen as a measure of progress toward Industry 4.0 points to a large gap for Austrian firms (Figure 4 ). 
Digitalisation trends in the business sector
While a number of Austrian firms are advanced users and producers of digital technologies (Federal Economic Chamber, 2016) , the Austrian business sector as a whole exhibits gaps in the diffusion of standard ICT applications in four key areas: i) broadband connections, ii) digital marketing, iii) digital management, and iv) cloud computing.
The generalisation of ICT applications in the business sector is slower than in peer countries
Broadband access
Broadband internet is the infrastructure of the digital society and economy (OECD, 2017a) . Demand for faster broadband is increasing due to expanding volumes of Internet traffic, connection of large numbers of smart objects, and access to remotely stored data and software. Given the growing importance of connections on-the-go, mobile broadband has become a natural extension of this infrastructure.
The share of Austrian firms with broadband connections expanded from 82% of all firms with 10 employed persons and more in 2010 to 98% in 2016. Information on micro firms employing less than 9 workers (which represent a quarter of total business sector employment) is incomplete. However, overall, small, medium and large firms have practically caught up with the global frontier of full connectivity ( Figure 5 , Panel A).
However, connectivity to mobile broadband clearly lags behind peer countries. While more than 90% of firms in the most advanced peer countries are presently connected, only 75% are in Austria. Austria is nonetheless doing better than Germany and The Netherlands ( Figure 5 , Panel B). Large and medium-sized firms are well equipped, and firms producing digital goods and services are even better connected than in other countries. However, barely half of manufacturing firms are connected, against 90% in the most advanced peers. The gap between large and small enterprises is larger than in peer countries, hinting at the possibility of even larger gaps in micro firms ( Figure 5 , Panel C).
Austria lags in the area of fast broadband, which is the infrastructure of the latest generation of ICT applications. Only 10% of Austrian firms subscribed to fast broadband in 2016, against 30% in frontier countries. In addition, while the rate of access to this type of network increased steeply in peer countries in the past five years, it stalled in Austria ( Figure 5 , Panel D). This is occurring despite internationally low service prices in Austria, and seems to reflect a gap in the intensity of external digital communications in businesses of all sizes. Austria displays a particularly large gap vis-à-vis the OECD frontier in the adoption of fibre technologies in its telecommunications network. This may be a handicap in the implementation of the latest vintages of "data hungry" applications (see Figure 23 below). Digital marketing and selling OECD firms are massively using the web to engage in e-commerce (OECD, 2017a). The majority of enterprises now possess a website or a homepage, and more and more of them support it via social media. Many firms start to take orders online and these represent a growing share of their total sales. The transition proceeds at an uneven pace, however, in different countries. Even in the most digitalised ones, only 20-25% of firms currently realise more than 1% of their sales via internet. In certain areas such as tourism and retail trade e-commerce has taken root more rapidly. Enterprise size also matters: half of large OECD firms achieve more than 1% of their sales via internet, as against some 20% of small firms (OECD, 2017a) .
Austrian enterprises have developed e-trade more slowly than in peer countries ( Figure 6 ). In 2016, only 15% of Austrian firms realised more than 1% of their turnover online, against 25% in Denmark and Sweden. The lag is larger in smaller size firms (Panel C) and affects all sectors (Panel D). For example, in tourism and accommodation, where Austrian firms are internationally present and competitive, only 30% make more than 1% of their sales on line, against 70% of their counterparts in peer countries.
A large gap is also apparent in retail trade. Only 15% of Austrian retail firms attained the threshold of 1% of e-sales, compared to 30% in peer countries. Austrian retailers' well-established brick-and-mortar networks and the high degree of loyalty that they have built with their local customers (see below) may partly explain this difference. 
Digital management
OECD firms are integrating ICT tools into an ever-widening set of business functions. These help modernise enterprise management in all dimensions. Innovations are not easy to capture in simple metrics, but the pace of diffusion of new management tools provides proxies. The adoption of two key techniques, enterprise resource planning (ERP), and customer relations management (CRM), are relevant indicators.
ERP applications encompass product planning, purchasing, manufacturing, marketing, shipping and finance, with a unified software collecting, storing, managing and interpreting data from these different business activities. In the most advanced economies practically all large firms, nearly 80% of medium-size firms and almost 50% of small firms operate ERP systems. The Austrian business sector appears behind ( Figure 7 , Panel A). While large firms are almost as fully equipped as international counterparts, and firms producing digital goods and services are even better equipped than in frontier countries, only around 30% of small firms implement ERP, against 50% in peer countries. There is also a special gap in manufacturing: 40% of all Austrian manufacturing firms are equipped, compared to 50-60% in peer countries. Less than 25% of Austrian tourism firms have ERP systems, against 50% in peer countries. This low rate of equipment with ERP applications could reflect their outsourcing to external providers, but the low rate of recourse to cloud computing reduces this likelihood. CRM applications support firms' interactions with current and future customers. They draw on online data from various sources (sales, website visits, social media etc.) and process this information to generate targeted marketing plans. They also help automate interactions with customers, typically via e-mail. Certain CRM systems can trigger geographic marketing initiatives based on customers' physical localisation via GPS applications. Austria is among the international leaders in this area. Nearly 45% of Austrian firms use CRM software, at par with frontier countries, compared to a European average of 33%. The adoption rate ranges from 70% in large firms to 40% in small businesses. The gap between large and small firms is one of the smallest in international comparison. In two areas where Austria is behind in other digital innovations, i.e. retail trade and tourism, it emerges as an international leader in CRM. This superior performance might stem at least in part from the active role of some successful Austrian service firms in this sector (Specific-Group Austria, 2017; Maihiro Group Austria, 2015; Torggler, 2008) .
Cloud computing
Cloud computing deserves special attention (OECD, 2015a) . It transforms computing into a service model that offers access in a flexible, scalable and on-demand way. Firms may turn the corresponding capital expenditures into operating expenses and can therefore more rapidly shift to advanced applications. Cloud computing represents a new plateau in digital transformations (OECD 2011 , EC, 2014 . The diffusion of cloud computing has accelerated in all OECD countries in recent years (OECD, 2017a) . About 25% of all OECD firms currently use cloud computing, with large differences between countries. Utilisation rates range from above 50% in the most advanced countries to below 10% in others. Around 40% of all large OECD firms and 20% of all small firms are users.
In Austria, cloud computing is clearly less advanced than in peer countries (Figure 8 ). Only 35% of large firms resorted to cloud computing in 2016 and only around 15% of small firms ( Figure 8 , Panel C). Certain sectors are more engaged than others: firms producing digital goods and services have adoption rates of about 30%. Still, even in these sectors, there are large gaps vis-à-vis international frontrunners.
Gaps are deeper in more sophisticated cloud applications (Panel B). These encompass distant operation of large accounting, management and marketing software packages. Only 5% of Austrian firms use such applications, much less than in peer countries (25%). Gaps are visible in all sectors. In the production of digital products and services, 15% of Austrian firms resort to such applications, against 50% of their counterparts in peer countries. Adoption rates are lower in other activities, gravitating around 5% in other manufacturing and service businesses. Concerns about commercial and personal privacy and related data breaches are high in Austria, as in Germany, and this may contribute to the low utilisation of cloud services. Policymakers should aim at enhancing trust in digital applications.
Three factors foster diffusion in the business sector
The staggered path of digitalisation in Austrian businesses reflects three factors: i) Austrian firms face shortages in the necessary skills; ii) some of their owners and managers may not be convinced by the benefits of digitalisation and may be less keen to renew their business models; and iii) the channels of know-how dissemination are not uniformly strong.
Access to digital skills
There are apparent gaps in Austria's digital skill base, which may slow down the diffusion of digital innovations. Given the cross-functional character of digital applications, a large spectrum of qualifications and occupations are involved. The OECD has identified two main families of technical skills which are not evenly available across countries: ICT-generic and ICT-specialist skills. The so-called "ICTcomplementary" skills play a major role too and will be discussed in a subsequent section.
ICT-generic skills
The OECD Survey of Adult Skills (PIAAC) defines digital problem-solving skills as the capacity to solve problems in a digital environment, i.e. using a computer (OECD, 2016h). These skills include writing an e-mail and browsing the web (level 1), implementing more advanced tasks involving multiple steps (level 2), and the capacity to use both generic and specific software applications with inferential reasoning (level 3). Digital problem solving tests help grade each country's working age population capacities in this area.
In Austria, 33% of the population aged 16-65 have digital problem solving capacities corresponding to levels 2 and 3 ( Figure 9 ). This is slightly above the OECD average (31%), but below peer countries (40%). About 37% of Austrian men and 28% of Austrian women possess it, as against up to 46% and 42% respectively in peer countries. This may hamper the diffusion of ICT innovations in the business sector. Younger Austrians are more familiar with new technologies. About 50% of those aged 25-34 acquired basic levels 2 and 3 familiarity. This is above the OECD average (45%), but still below peers (60%). For these cohorts gaps are more severe at the higher proficiency level 3: only about 8% of Austrians aged 25-34 have attained this higher degree of acquaintance, against 15-20% of their cohort in peer countries.
Older age cohorts also feature skill gaps but with a different profile. Only 8% of Austrians aged 55-64 have the generic skills of levels 2 and 3, below the 15-20% attained in peer countries. Another gap appears more substantial: those without any computer experience and who failed to take the computer-based test represent as much as 35% of this age cohort, much above the 10% in peer countries. The age-based divide in basic digital skills is clearly deeper in Austria. , 2016) . They comprise the ability to create documents which integrate text, pictures, tables and charts; to use advanced spreadsheet functions to organise and analyse data; to write code in a programming language; to transfer files between computers or other devices; to change the settings of operational systems and security programmes; and to upload self-created content to websites.
Source: Eurostat.
Eurostat's 2015 Digital Skills Survey shed additional light on Austria's human capital in this area. The survey was based on self-assessment, with each person identified as having "no", "low", "basic" or "above-basic" skills. Only around 40% of working age Austrians had "above-basic" skills enabling them to be more active in ICT environments, well below peer countries (Figure 10 ). About 40% of prime-age Austrian men and 30% of prime-age Austrian women had this level of proficiency, versus around 60% and 50% in peer countries.
A higher proportion of youth have such above-basic skills. Nearly 60% of young Austrians attained this level, slightly less than their counterparts in the most advanced peer countries (Panel B). The gap for Austrians aged 16-24 is also small. But older cohort gaps continue to weigh down Austria's average. Only about 25% of senior Austrian workers aged 45-54 have above-basic operational skills, against nearly 50% in the most advanced peer countries. The survey also provides information on the socio-economic determinants of digital skills. The educational background of individuals appears as the driving factor in Austria, more than in peer countries. Austrians with less than upper secondary education display exceptionally low levels of acquaintance with digital technologies. Gender gaps in low-educated groups are also much larger than in peer countries. In contrast, rural versus urban location and income level make a smaller difference in the acquisition of these skills. This observation may be reflecting the fact that societal divides along these lines are less pronounced in Austria (OECD, 2013a).
ICT-specialist skills Austria may also be facing a shortfall in ICT-specialist skills. These encompass the engineering qualifications required for the design and operation of digital systems. Specialists design applications, manage networks and analyse big data (OECD, 2015c) . Their training goes beyond programming and must include advanced engineering and domain-specific knowledge.
Labour market indicators for ICT specialists should be interpreted carefully. A country or region may experience a shortfall in these skills not because its supply of specialists is limited, but because its industrial structure or its pace of digitalisation is more dynamic than elsewhere. The reverse may occur in less dynamic countries and regions. Three sources of information are available to document the availability of these skills in Austria: i) the share of ICT specialists in the labour force; ii) the recruitment difficulties faced by enterprises trying to hire specialists; and iii) wage developments for ICT professionals.
Specialists trained in ICTs represented 4% of all employed individuals in Austria in 2015, against an EU average of 3.6% and over 6% in certain peer countries (Figure 11 ). Even if definitional differences may affect international comparisons, this hints at a risk of shortage for such specialists in Austria. This is confirmed by data on recruitment difficulties (Panel B). According to a Eurostat survey in 2016, 60% of the Austrian firms which tried to recruit ICT specialists met difficulties, against 40% in the European Union and nearly 50% in peer countries. Only a minority of firms try to hire ICT specialists however, and the most dynamic Austrian firms and sectors face the highest tensions (Panels C and D). Hiring bottlenecks rose above 70% in firms producing digital goods and services, against 60% in manufacturing and 40% in retail trade.
The link between productivity and wage growth in ICT sectors also points to tensions (Panel E). Wage growth in Austria's ICT sectors well exceeded productivity growth over the past decade, while it was in line with or even stayed below productivity gains in peer countries. Wage developments have different drivers across countries but the scarcity of specialists probably plays a role in Austria.
Meanwhile, the frontier between ICT-generic and ICT-specialist skills is getting blurred. A recent cross-country review of about 1000 occupations and 20 job families concluded that skill profiles are changing in 40% of existing occupations as a result of digitalisation (WEF, 2016) . According to this study, part of the needed adaptations may be achieved by re-training existing employees, but the remainder requires in-depth changes in basic cognitive and professional capabilities. The evidence in this working paper suggests that firms in Austria may be facing this challenge more than in peer countries. 
Modernisation of business models and complementary skills
The supply of digital skills does not guarantee their effective use. A vast research literature documents the complementarity between the effective use of ICT innovations and the re-design of firms' business models (Brynjolfsson and McAffee, 2014) . ICT applications often involve much larger flows of information, which require firms to re-organise their management and work processes. This calls for "ICTcomplementary" skills at all levels in firm hierarchies. A recent OECD review confirmed that effective ICT use depends directly on complementary investments in knowledge-based capital (KBC), and that failing to invest in such complementary skills limits the productivity impact of ICTs (OECD, 2016c) . Firms at the global productivity frontier demonstrate a high capacity to combine technological, organisational, and human capital throughout global value chains (GVCs), harnessing the power of digitalisation at a high scale.
New business models come into being gradually: a 2015 survey has over 40% of global business executives reporting that digital technologies are helping them enhance their existing goods and services, and less than 30% that they were instrumental in launching new goods and services (OECD, 2016c) . Work organisations become more decentralised, and teamwork more pervasive (Biagi, 2013) . Labour relations at shop-floor level evolve accordingly. Field research suggests that workers' commitment also plays an important role in the absorption of ICT innovations (Schröder, 2016; Ortman and Guhlke, 2014) . Organisational changes are more effective when the qualifications and interests of those involved at all levels are integrated in decision making.  A lower share of large firms rely on specialised external services for core ICT functions (Panels C and D).
 General tasks such as holding discussions in real time, executing online transactions and emailing are less intensely practiced in Austria than in peer countries. This reflects an occupational structure which is tilted towards sectors that rely less on these tasks, but also the fact that, for the same jobs, these tasks and therefore ICT is less solicited in Austria. The overhaul of business organisations around ICTs is at an early stage in all OECD countries. Most firms lack a clear view of available options and a strategy in this area (Bughin, 2016) . Only a minority of them have successful new business models in place and data is scarce about these (OECD, 2016c). A recent review across OECD countries (Van Ark, 2016) detected several technical and organisational barriers to the overhaul of organisational models. As new business models are moving targets, Austria's lag in this area is difficult to document. It nevertheless calls for the attention of policymakers. A relevant factor is the size-distribution of firms. All studies find that firm size influences the effective use of digital innovations (OECD, 2016b) . The latest OECD PIAAC survey confirmed that the intensity of skills use is positively correlated with firm size in all OECD countries, and this is also the case in Austria (Figure 14) . This prevails even when ICTs help micro and small firms to outsource their internal services, to specialise in activities where they have a genuine competitive advantage, and to reach to broader markets (Bhatt, 2016) . The rise of such a "granular" economy permitting small entities to compete more effectively will apparently be gradual, and small size remains a handicap. A 2014 survey of 1 000 SMEs in Germany found for example that 70% felt that digitalisation was irrelevant for them. Availability of relevant know-how and supportive finance are reported as obstacles. Another study by the German Ministry of Economy concluded that ongoing research projects on "Industrie 4.0" are not presenting their results in a format and language appropriate for SMEs, calling for additional efforts for adaptation (German Ministry of Economic Affairs and Energy, 2015).
The share of SMEs (defined here as firms employing to up to 250 workers) is slightly above peer countries in Austria (OECD, EAG, 2017). They represent nearly 70% of total business sector employment, against around 60-65% in comparable countries. Respective weights of size sub-groups are also comparable, including the weight of micro firms (those employing less than 10 workers, which represent around a quarter of total employment in both Austria and peers). More than the specific size composition of the business sector, other factors appear to slow down the modernisation of business models in Austria. Private and public sector initiatives are called for to facilitate knowledge and resource sharing between smaller size firms. Some 95% of OECD countries have put in place special programmes to support the adoption of ICTs by SMEs (OECD, 2017c). These offer either financial support to ICT investments, via tax incentives, cash subsidies or loans; or non-financial services, e.g. training, consulting and mentoring. In France the programme "Investissements d'Avenir" offers loans to SMEs for the acquisition of robots. In Japan, the Ministry of Economy, Trade and Industry gives tax incentives to promote the productivity-enhancing investments in SMEs, including special incentives for ICT investments. Austria also introduced several programmes to support SMEs in their digital transitions (Box 2).
Other countries rely chiefly on non-financial support, notably in the form of business information, trade shows and feasibility studies. In Germany, the public programme "Trusted Cloud" eases the application of cloud technologies by SMEs by offering them a basic introduction to cloud computing. Denmark encourages partnership among SMEs in specific sectors, e.g. retail and wholesale trade and transportation, to promote the use of digital technologies, e.g. ERP, e-sales and marketing.
The entry of new firms is also a crucial driver of the renewal of business models and digital transitions in all countries, but Austria has a particularly low level of start-up activity (Calvino et al., 2016; Figure 14, Panel B) . Exit policies are also likely to play a role, as high exit costs may influence the decision to enter and experiment with radical innovations (Adalet and Andrews, 2016) . The special role of new entrants was confirmed by a recent large review of business practices in 33 countries (Future of Business Survey, 2016). It suggests that start-ups make more active use of ICT applications than incumbent firms, and reap additional performance benefits. Interestingly, enterprises created by women are younger and smaller on average, but are also more effective users of digital tools. These findings confirm the relevance of Austria's strategic target of becoming a "Number One Start-Up Country". The regulatory framework will need to be adjusted in several dimensions, and financial markets will need to be diversified further to move in this direction.
Access to financing is a particularly important issue for start-ups. Debt finance dominates external financing for firms, and especially small and medium-sized enterprises in Austria, but is ill-suited for new, small and innovative companies which have a higher risk-return profile and often rely on firm-specific intangibles that are not suitable as collateral. Equity sources and hybrid instruments which combine debt and equity features are relevant in these cases. They have grown in several OECD countries and help young firms reduce their borrowing needs and costs (OECD, 2010) . R&D grants, subsidies and tax incentives also mitigate the financing constraints of start-ups. In addition to rather generous R&D and innovation support, Austrian policymakers try to diversify the sources of finance for small young firms beyond traditional bank loans with a "Start-Up Package" topping up (doubling) the investments of eligible business angels in technology start-ups (Invest in Austria, 2017). 
Know-how dissemination channels
The propagation of new technologies is supported in all countries by a network of know-how dissemination channels. These are more or less resourced, and active, in diffusing ICT knowledge across sectors, regions and types of ICT applications (OECD, 2017e). The two most common dissemination instruments are technology transfer platforms and local technological clusters.
Technology transfer platforms
Austria has a time-tested network of technology transfer platforms (Austrian Research and Technology Report, 2016) . At the end of 2014, a national "Platform Industry 4.0" was also launched at the suggestion of the business sector, and on initiative of the Austrian Ministry for Transport, Innovation and Technology (BMVIT). The objective is to develop and diffuse good ICT practices, and strengthen Austria's position as a global Industry 4.0 site. BMVIT invested € 1 billion in new projects on "production of the future" and "ICT of the future". It funds the development of four 4.0 pilot factories in different regions. The first of these factories opened at the Vienna University of Technology to help companies observe various Industry 4.0 techniques (Aichholzer et al., 2015) . Box 2 provides more details on the broad strategy and some specific programmes supporting the diffusion of digitalisation knowledge.
Länder governments are also taking initiatives. Upper Austria and Styria are pioneers in Industry 4.0 projects. Upper Austria aims at becoming a model region for Smart Production and launched its own "Platform Industry 4.0" initiative. The region offers favourable conditions due to the legacy of engineering disciplines and plans to cooperate with Styria to pool ICT competences in leading companies and research institutions.
Box 2. The Open Innovation Strategy and digitalisation-oriented programmes
An "Open Innovation Strategy for Austria" was launched in 2016 by the Ministry of Transport, Innovation and Technology and the Ministry of Science, Research and Economy "to expand and develop the innovation system and to improve the digital literacy of innovation actors through new forms of co-operation". Austria is one of the first countries in the world to have introduced this type of strategy (EC, 2017b). Several schemes are being introduced, to involve other ministries in their respective areas as well as provincial and municipal actors.
In the area of Industry 4.0, a "Pilot Fabrics" project supports the experimentation of new techniques and production processes in a realistic environment. It helps SMEs to test new technologies without interrupting current production activities. Partners from larger firms and research laboratories participate in these pilot fabrics.
A "Silicon Austria" programme with an annual budget of € 110 million supports research and innovation in the field of electronics, microelectronics and nanoelectronics "as these form the technological basis of megatrends such as autonomous driving, intelligent infrastructures and Industry 4.0". Half of its resources will be used for the creation of a new research centre.
A "Talents Programme" offers traineeships for pupils and provides financial support for regional education projects in schools in the fields of mathematics and informatics. The objective is to engage children and adolescents in science and technology. It has a special "Internships for Female Students" component to help female students discover scientific and engineering positions in industry.
A special programme will co-fund development projects for products operable and usable by older generations with limited ICT-skills. In the spirit of the Open Innovation Strategy, senior citizens will be involved in the research phase of the projects. The programme has an initial annual budget of € 2.5 million.
*
The Ministry of Science, Research and Economy introduced a "SME.digital" programme to enhance awareness on digitalisation opportunities. It is publicising information about digital innovations relevant for SMEs, including best practices from other countries (Part I of the programme). It will equally support directly skill acquisitions in SMEs (Part II) and will put in place a network of competence centers ("digital innovation hubs", Part III). The programme will be implemented through 2017 and 2018 and its efficiency and impact will be evaluated at the end of the first year. The initial budget for 2017-18 is € 10 million.
The Ministry of Science, Research and Economy has also introduced a "Smart and Digital Services (SDS)" programme to co-fund digitalisation projects with a potential to increase value added and exports in services. It notably aims at raising service companies' awareness about the large potential benefits of R&D investments and aims at involving "non-technological" researchers in these projects. It has a budget of € 8.0 million for 2017-18.
However, most of these dissemination efforts concern manufacturing in Austria. This is a historical legacy, stemming from the traditional focus on the productivity and competitiveness of tradable manufacturing. Today, both the large scope of ICTs in services, and the role of services in overall economic performance justify the extension of such efforts to service sectors. There is awareness of this need, to wit Styria's recent goal to support "Smart Production in Services" (Austrian Research and Technology Report, 2016) .
Technological clusters
Several OECD countries are encouraging the development of local ICT clusters (OECD, 2016c and Ziemann, 2017) . These operate as networking platforms cultivating science-to-science links (between public and private research centres and universities), science-to-industry interactions (with business firms), and industry-industry partnerships (between business firms). They also engage in cluster-to-cluster cooperation at interregional and international levels. Subsequently, an IT cluster was created as an initiative of Business Upper Austria, the business agency of the province of Upper Austria, and the Hagenberg Software Park became part of it. The cluster comprises 160 members, including academic and research institutions (University of Linz and the University of Applied Sciences) and some 140 IT enterprises. It includes a network of seven regional industry clusters, which aim to bring businesses and research institutions together on specific topics (mechatronics, automotive applications, medical technologies, etc.). It supports new start-ups from the concept development to the marketing stage. It also reaches out to 1 900 other companies involved and is Austria's largest IT cooperation network. In 2016, the Länder government presented its 20-Point-Plan for the Digital Future of Upper Austria, which foresees additional investments in the cluster.
Software Park Hagenberg provides a common physical space for ICT innovators, principally in software applications. It includes some 75 enterprises, 11 research institutions and 23 education programmes. With state-of-theart infrastructure and a diversified network of experienced industry experts, it supports young engineers and students to put their ideas into practice. It is a place of communication and meeting, where around 2 800 people work, research, teach, learn and live. Many successful start-ups were born and grew on its premises. There are plans to expand networking with international technology centres, and developing international student courses and programmes.
Digitalisation trends in households
ICT applications in households offer access to broader and better supplies of goods and services, wider sources of information, and time savings in several household tasks (shopping, banking, paying bills, etc.). The greater the number of households adopting ICT applications, the greater the network economies in the production and utilisation of ICT goods and services.
The generalisation of digital innovations in households is slower than in peer countries.
The diffusion of ICT innovations in Austrian households follows a pattern similar to that in the business sector. Young and highly educated Austrians tend to adopt digital innovations in similar ways and proportions to their peer country counterparts. Gender differences are also small in these young groups. In contrast, gaps vis-à-vis peer countries, as well as domestic divergences are larger for middle and older age cohorts, according to their education, income level, immigration origin, etc. These divergences are recurrent across ICT applications.
Broadband connectivity
Like in the business sector, broadband connections provide the basic infrastructure of digitalisation in the household sector. Only 25% of Austrian households had broadband in 2005 against 50% in peer countries. By 2016, however, this share had reached 85% in Austria, approaching that in peer countries (Figure 15 ).
In the area of fast broadband, however, and like in the business sector, large gaps persist. A negligible proportion of Austrian private persons had access to fast broadband in 2010, against 5 to 10% in peer countries. There has been progress in the 2010s, with the share reaching 15% in 2016. However, in the meantime, connections expanded more rapidly in peer countries and their edge over Austria increased ( Figure 13, Panel B) . This divergence occurred despite very low broadband service prices in Austria. The average download speed (65 Mbps) remains below the OECD average (77 Mbps) and lags well behind the average speed in leading countries such as Sweden (240 Mbps) and Japan (166 Mbps) (Figure 16 ).The low penetration of fibre, especially in rural areas, may be slowing down the introduction of more attractive services (see Figure 23 below ). 
Computer and internet use
The proportion of persons who never use a computer is a standard indicator of ICT diffusion. One third of Austrians had no contact whatsoever with a computer in 2005 against 10-15% in peer countries. Their share declined to below 20% by 2010 and to below 15% by 2016. It remains three times bigger than in peer countries (Figure 17, Panel A) . ITA  MEX  CHL  DEU  ISR  ISL  ESP  DNK  TUR  CZE  AUT  SVN  GBR  FIN  HUN  EST  BEL  NZL  CHE  USA  KOR  POL  IRL  OECD  SVK  CAN  PRT  FRA  NLD  NOR  LUX  JPN  SWE The share of individuals never using the Internet shows a similar picture. About 15% of Austrians had no contact with internet in 2016, slightly below the EU average but well above the negligible share of this group in peer countries. This group has a particularly slow rate of attrition in Austria (Figure 17, Panel B) .
Household access to cloud computing shows a similar picture at the high end of ICT utilisation. Only 20% of Austrians used cloud services in 2015, while this share reached 40-50% in peer countries. This confirms the limited weight of high-intensity ICT users among Austrian households. There is also a gender gap: 17% of prime age women use cloud computing, against 30% of prime age men, while this share stands at 50% for both genders in peer countries. In young cohorts the gender gap has disappeared but cloud utilisation remains 20 percentage points below peer countries. 
E-commerce
More than half of all individuals buy products online in OECD countries. The trend is accelerating and has unsettled the traditional distribution channels in certain sectors such as tourism and travel services. The generalisation of smartphones supports the practice and half of smartphone users now order via their mobile devices. The uptake of e-commerce by individuals varies considerably across countries, however (OECD, 2015a).
In Austria, e-commerce use by individuals grew more slowly than in peer countries. It reached a level slightly above the EU average, but well behind peer countries (Figure 15, Panel A) . Younger Austrians have caught up somewhat but gaps remain large for the middle-age and older cohorts.
E-banking
The rise of online banking is redefining market boundaries and service access channels in banking. More than half of internet users in OECD countries now use online banking, increasingly via mobile devices. The ongoing trend is that of a reduction in the number of bank branches, with 20% of local branches projected to disappear within five years in certain Member countries (OECD, 2015a).
About half of Austrians were using internet banking in 2016, far below peer countries. Uptake rates approach 90% in Denmark and the Netherlands (Figure 15, Panel B) . The prevailing financial practices of Austrian households, where men traditionally run family finances, contribute to a gender gap: 60% of women aged 25-54 were using e-banking in Austria in 2016, against more than 90% in peer countries. There is also a gap between urban and rural areas (with uptake rates around 60% in the former and 50% in the latter, against 90% and 80% respectively in peer countries). 
Factors influencing the adoption of digital innovations in households
The diffusion of ICT innovations in households appears to be strongly affected by socio-economic determinants in all OECD countries (OECD, 2015a). Factors such as age, education, gender and immigration background have all an impact. These effects appear even stronger in Austria.
Age
In Austria, the influence of age on ICT use is stronger than in other EU countries, and much stronger than in peer countries. For instance, the rate of uptake of e-commerce by the 64-75 cohort is lower than the EU average (13% versus 19%) and much lower than in peer countries (30-40%). Those aged 16-24 participate more than the EU average (60% versus 50%) but less than in peer countries (70%). The gap in uptake rates between age cohorts stays high despite a decline over the past decade (Figure 19 , Panel A).
The impact of age is even greater in e-banking. Older Austrians are particularly hesitant to engage in internet banking. Only 15% of those aged 65-74 draw on these services, against the EU average of 25% and up to 60-70% in peer countries. As in e-commerce, younger cohorts surpassed the EU average (75% versus 60%) but remain below the quasi-universal coverage in peer countries (95% in the age cohort 25-34). The age gap in uptake rates is declining but only slowly (Figure 19, Panel B) . 
Education
Education is the other key driver of familiarity with and proficiency in digital technologies. In the OECD area the utilisation rates of ICT applications by university-educated 65-74 year-olds are comparable to the average utilisation rates of the general population (OECD, 2015a). In some of Austria's peer countries, this rate matches even the adoption rates of the youngest cohorts. In Austria the influence of education on ICT utilisation is particularly high. For instance 20% of Austrians with low education participate in e-commerce, against 25% in the EU, and 50-60% in peer countries. For the tertiary educated groups the rate increases to 70% in Austria, matching the EU average, but falling behind the 85-90% rate in peer countries. This gap between education groups declined only gradually over the past decade (Figure 20, Panel A) . The same picture is found in e-banking, with even larger differences between low, medium and high educated groups. As with e-commerce, these gaps are declining very slowly (Figure 20, Panel B) .
Gender
Gender gaps have long been common in the uptake of ICT innovations. However, they declined over the past decade, and, in certain countries, they have been reversed. In Sweden and Denmark for example, women are now more active than men in e-commerce as well as in e-banking.
In Austria, gender gaps stay large in international comparison (Figure 21 , Panels A and B). They may be reflecting, at least partly, the "separate gender roles" model which endures in many businesses and families (OECD, 2015b) . The fact that many women stay focused on traditional tasks in workplaces and households may keep them away from ICT innovations. These gaps have declined for the tertiary educated and the youngest cohorts, however, which may herald their future erosion. 
Other socio-economic factors
In all OECD countries the income level and other socio-economic characteristics of individuals also affect the adoption of ICT applications. Without multivariate models based on micro data, the respective impacts of specific factors are difficult to disentangle. Still, one variable stands out in Austria in the case of immigrants, namely their origin. Migrants from non-EU countries clearly have lower rates of uptake of ICT innovations than in peer countries. These gaps have not diminished through time (while they tended to decline in at least certain peer countries). Even if their persistence in Austria may be related to the larger educational gaps of these immigrant groups, they signal a digital divide in the making (Figure 22 ). Austria has traditionally been conservative in the adoption of new technologies by households (Tellis, 2003) . The digitalisation process may be reproducing this traditional pattern. It may reflect a cultural tendency to preserve prevailing habits, and to depart from them only slowly. For example, the slow uptake of e-commerce may reflect the preference of many Austrians for face-to-face interaction with their local retailers and service providers, in particular in the small communities where local trust is strong and personal contacts are particularly appreciated. Such cultural traits were identified in recent OECD economic surveys as being part of the drivers of well-being in Austria (OECD, 2013a).
There is also other evidence suggesting that digitalisation is being driven by the same basic socioeconomic forces in Austria as in the other OECD countries. Young and better educated groups converge faster with the global lifestyles, and more swiftly adopt the new ICT goods and services. They precede other social groups, which follow with a longer lag than in comparable countries. In this process conservative preferences may be expected to gradually exert a smaller influence. The overall pace of digitalisation will result from these competing forces. The policy challenge is to raise awareness and diffuse knowledge on the benefits arising from digitalisation throughout the society, and let all citizens make use of them according to their preferences.
Public strategies to foster digital transition call for broad social support
The findings of this working paper are congruent with the broad message of two recent OECD reports on the policy implications of digitalisation (OECD, 2016c; OECD, 2017a) . These reports stress that despite the rapid spread and uptake of digital technologies, adoption and use vary widely in all countries along demographic groups, industries and firm sizes. This raises challenges as to the inclusiveness of the digital transformation.
Barriers to more balanced and inclusive diffusion typically arise from a combination of lack of highquality and affordable infrastructure, lack of trust in digital technologies, a shortage in the skills needed, service trade barriers, and high cost of financing for SMEs. These barriers play uneven roles in different countries. They should be addressed with comprehensive strategies (OECD, 2017a). A "whole-of-government" approach is in order in all countries because many policy areas are involved, and advances in each individual area risk being offset by lack of action in others. The building blocks of a comprehensive strategy in Austria should include the elements below, many of which duly feature in Austria's recent Digital Roadmap (Box 2). The discussion below emphasises some of the most important priorities.
Recognising the employment and social cohesion challenges of digitalisation
Digitalisation has far-reaching effects on labour markets and social cohesion, through two main channels. First, digitalisation entails skill biases in employment, as it destroys and creates jobs for persons with different educational and skill backgrounds. Its impact is more significant for manual and intellectual routine activities (Ziemann, 2017) . Second, the new "asset sharing" properties of digital business models generate more fragmented and less stable activity and employment forms, which do not benefit from the same legal and social protection framework as standard employment forms. On the positive side, they also offer entirely new opportunities for persons otherwise excluded from the labour market.
Acknowledging these challenges is important for a constructive social dialogue. The process has started in Austria (Birkner et al., 2016) . The quality of this dialogue will shape the degree of social consensus on digitalisation trends, and will influence policymaking as well as collective agreements. Involving workers in non-standard activities in social dialogue is not straightforward because of lack of well-established representation channels. Nonetheless, a first "workers council" of bike-delivery workers was created in Vienna in April 2017 (Metropole, 2017 ).
Austria's social partnership system as a "coalition of producers" (Nowotny, 1993) would in principle be supportive of digitalisation. The firms, the unions, the Chamber of Economy and the Chamber of Labour currently view digitalisation as an important source of productivity gains, provided that social cohesion is not threatened. This joint support is valuable and should continue to be cultivated.
Upgrading skills
The OECD recommends to all Member countries "to place a stronger emphasis on promoting ICT generic skills, ICT specialist skills, and ICT-complementary skills, in order to ensure that all citizens and enterprises can engage in and benefit from the digital economy" (OECD, 2017a; OECD, 2017d) . Austria has shortcomings in this area and developed a Digital Skills Plan in the context of the 2015 Education Plan (see Ziemann, 2017) . This effort should also encompass the age cohorts already in the labour force, and is integrated in the Digital Roadmap. Specific time-based targets and benchmarks could be set for effective implementation.
Certain OECD countries have introduced specific policies to address the limitations of middle-aged and older cohorts. For example, Ireland's 2013 National Digital Strategy aimed at cutting the proportion of "non-liners" (people who have not yet engaged with internet) by half by 2016. In Sweden, as part of the 2011 Digital Strategy, the eGovernment Delegation developed a "Guidance on Web Development" which sets out how to meet the needs of elderly people and people with disabilities. In Denmark, two national campaigns were initiated to encourage the elderly to use ICT: the "Get Online Week" and the "Senior Surf Day". They sought to inform and motivate new users about the benefits and enjoyment of using internet and involved around 1 000 ICT centres and libraries around the country. There are already a number of information and awareness programmes in Austria directed to old-age internet users (Help.gv.at, 2017) and the Digital Roadmap foresees further initiatives.
Renewing business models
There are deep differences in ICT adoption rates between firms in all OECD countries. As documented above, they are particularly large in Austria. Firms of different types, sizes and sectors are unequally engaged in digital transitions.
Governments in all OECD countries try to accelerate convergence, in particular in SMEs (OECD, 2016c) . Most of the related public programmes focus on: (i) awareness raising and training, with an emphasis on ICT-related and organisational know-how, (ii) financial support, and (iii) social networking. Notably, Germany's "Mittelstand-Digital" programme may deserve special attention, as the diffusion of ICT innovations follows a staggered path similar to Germany's and the German initiative is considered as successful (OECD, 2016c) . Austrian policymakers draw on international experience in this area and a new programme sme.digital was recently introduced to foster ICT adoption and digital change.
Austria's low start-up rates are a recognised handicap in digital transitions. Policymakers aim at stimulating the renewal of business demographics through a "Austria as a Number One Start-Up Country" initiative. Close attention to start-ups' specific policy needs is in order, as they generally lack the resources to participate in policy processes (OECD, 2017c) .
Promoting more competitive digital markets
Digitalisation creates risks of closure, collusion and even monopolisation in several market areas (OECD, 2017a) . Lack of open standards and fears of vendor lock-in are common. For example, in cloud computing, applications developed for one platform cannot be easily migrated to another cloud host, and users can become vulnerable to providers' strategic behaviour and price increases. Surveys have shown that the lack of such standards and the resulting fear of vendor lock-in is an important barrier to the generalisation of cloud computing (OECD, 2016c). New initiatives for developing open standards in the full range of ICT applications have emerged, at national (the Swedish Standards Institute is a leader), European and global levels. Preserving the openness of these markets requires close policy scrutiny and, when needed, pro-competitive regulations. The public sector may act as a role model by fostering open standards and interoperable solutions in its procurement policies.
The Austrian Competition Authority has an active competition advocacy role to play to prevent collusion and monopolisation in digital markets, and has already taken initiatives in this area. It co-operates with European and international counterparts. The World Trade Organisation and the World Intellectual Property Organisation also address the interplay between intellectual property and competition law at the global level. Several competition-relevant issues associated with digitalisation, including open standards, interoperability, market access rules, and balanced use of intellectual property rights remain on the agenda. Intellectual property rights (IPRs) may support innovation by making it an attractive investment but may also generate undesirable rents. With digitalisation, IPR has become more important in a wider range of sectors and policymakers need to find a good balance between nurturing innovation incentives and preserving competition (OECD, 2016c) .
Reinforcing the broadband infrastructure
It is essential to continually invest in the development of digital infrastructure to meet existing and future demand (OECD, 2017a) . Fast broadband supports the data-intensive new applications and business models and is indispensable for the implementation of Industrie 4.0 solutions.
Austria has an ambitious Broadband Strategy 2020, which aims at making ultra-fast broadband available to all firms and households by 2020. However, the country is currently among those with the lowest per capita investment flows in telecommunication infrastructure (Peneder et al., 2016) . Three issues remain: i) the low rate of "fiber coverage" on the last mile of fixed broadband networks (Figure 23 ), which restricts opportunities for new competitors to offer services beyond those defined by the incumbent, hence limiting competition and innovation from new players; ii) the reduction of the number of mobile network operators (MNOs) from four to three, after a merger authorised by the European Commission (against the advice of the national competition authority), which appears to have slowed down the pace of technological renewal in mobile broadband services (OECD, 2014); and iii) significant differences in the quality of the broadband infrastructure between regions (EC, 2017a). The OECD recommends that all Member countries establish national broadband plans with welldefined targets and update them regularly. These plans should address the existing barriers to the deployment of high-speed networks and services, and include measurable targets concerning competition and investment. These targets should include goals concerning the key technical enablers for new entrants and value-added service providers. Austria could continue to regularly update its Broadband Strategy along these principles.
Generalising e-government innovations
Austria is among the international leaders in e-government innovations but their pace of adoption by households falls behind. Certain OECD countries have accelerated the adoption of e-government innovations by making the use of public digital platforms mandatory -with opt-out provisions. To date, Austria has maintained neutrality between digital and non-digital platforms as policymakers place a strong emphasis on inclusion and freedom of choice for citizens. To encourage the use of digital platforms, a 40% reduction on fees ("online discount") was nonetheless introduced for those applying digitally for certificates, using electronic identification means. Transition to pre-filled digital tax forms has been a successful innovation and is now fairly generalised, in particular in the business sector. A recent law, applicable from 2020, will guarantee to all citizens and businesses the right to interact digitally with the administration in areas falling under federal legislative competence (except for areas not suitable for electronic interaction). Open government data is also expected to nurture the emergence of new businesses by permitting the use and free distribution of new government datasets (OECD, 2017g) . Stronger incentives, including financial incentives, may nonetheless be needed to encourage households to make the transition. ISR  GRC  BEL  IRL  AUT  DEU  ITA  CHL  POL  MEX  TUR  FRA  CAN  AUS  CZE  HUN  NZL  NLD  OECD  LUX  SVK  SVN  ESP  FIN  PRT  CHE  EST  DNK  ISL  NOR  LVA  SWE JPN KOR
Fostering bottom-up innovations
Clustering initiatives in digital activities foster the network economies typical of these sectors. There are promising experiences in Austria, for example the Hagenberg Software Park (Box 2). Such initiatives should continue to be encouraged, including through co-operation between the Federal and Länder governments. The 2017 Digital Roadmap rightly stresses the expected contributions of clusters.
Uber-and Airbnb-type innovations are also important. They make the welfare benefits of platformbased ICT innovations accessible to a wide population. Their introduction has been managed smoothly so far in Austria. Regulators have not blocked these innovations, while addressing the concerns that they have raised (Box 4). Preserving an enabling regulatory framework while fostering a level playing field for all participants will be essential for future innovations. Internet platforms such as Airbnb and Uber, which are experiencing outstanding growth globally, have also reached Austria. The sectors of hotels and accommodation and passenger transport are directly affected. Of the current 15 000 accommodations in Austria on offer via internet platforms, Vienna accounts for just over half. In 2016, the City of Vienna set out some principles on the regulation of the "sharing economy" in a paper entitled "Turning the sharing economy into a fair economy in Vienna". The emphasis was on establishing a level-playing field between different actors. The City reiterates its priority of preserving Vienna as a high-quality and attractive tourism location. This requires openness to innovative services.
The City started with an information campaign to raise awareness of these issues. In Vienna's social housing system, which accounts for around 45% of all apartments in town, allowing third parties to use social flats is not permitted. Non-compliance may result in the termination of the tenancy agreement. On the other hand, the owners of private apartments should also act in line with a Supreme Court ruling that all private apartment owners in a building must give their consent on all issues of common interest, including the lending of apartments to temporary tenants. Therefore, the legal, regulatory and contractual framework, without prohibiting them, sets relatively strict rules for Airbnb type of services.
The City started also to adjust certain specific regulations. In September 2016 the state parliament amended the Vienna Tourism Promotion Act, and stipulated that:
-Platform operators will have new reporting obligations. The name of accommodation providers and the addresses of the apartments on offer will be regularly communicated to the Vienna Tourism Board.
-Platform operators will supply the information required by the Tourism Board (for tourism promotion purposes) upon request.
-Fines for non-compliance will be raised from €420 to €2 100 for flat owners who do not register their accommodations.
-Flat owners will collect the local tax from the persons hosted, and will pay it to the municipal administration. Concerning the platform-based taxi services, Uber is the biggest provider in Vienna. It does not operate in other Austrian cities. Uber testifies that in Vienna it works only with licensed taxi and chauffeur service companies, and not with private individuals. This has secured the consensus of existing service professionals but limits the pool of potential service providers. The City government has indicated that it monitors developments and aims at reconciling innovations with high working standards.
Improving trust and consumer protection
Trust reduces transaction costs in the digital economy, and facilitates the adoption of innovations. Three main dimensions pertain to cybersecurity, privacy and consumer protection (OECD, 2016c).
Cybersecurity risks have increased in all OECD economies. Cybersecurity has traditionally been approached as a technical problem, but the changing scale of security incidents is driving countries to reevaluate their strategies. In recent years, many governments and stakeholders emphasised the importance of considering digital security risk as a strategic issue, which needs to be addressed at the highest level of governance. This is the approach of the Recommendation of the OECD Council on Digital Security Risk Management for Economic and Social Prosperity (OECD, 2015d) . It requires a culture of dialogue and cooperation among stakeholders, which is well-developed in Austria.
As digital innovation becomes more data-driven, privacy becomes a key issue. Indeed, large volumes of personal data are collected in various ICT applications, which are either voluntarily reported by individuals themselves, or observed or collected without their knowledge. The resulting mass of information is then stored, creating risks of data theft or misuse. Other steps involve the processing of such information by data analytics, helping generate inferences even when individuals never directly share the related information. Ultimately, data-driven automated decision making, when applicable, may lead to distorted decisions. Information inferred from data analytics can serve to boost efficiency but also risks perpetuating existing stereotypes based on statistical probabilities. Individuals' and firms' capacity to secure employment, business, insurance or credit may be affected. Austria's policymakers have to tackle this entire agenda, as in all OECD countries. The Digital Roadmap rightly emphasises this priority and the OECD Privacy Guidelines (OECD, 2013c) provide a principles-based privacy framework to shape the approach.
The Internet economy also raises many consumer protection issues, particularly with respect to specific activities such as e-commerce, online banking, spamming and online line user tracking. Like other OECD countries, Austria has legal safeguards beyond general consumer protection rules that cover ecommerce transactions. They deal with online ordering and confirmation, information disclosure about goods or services, and advertising and marketing practices (Koske et al., 2014) . In Austria online advertising about tobacco, alcohol and medicinal products and by lawyers and doctors is prohibited. The selling of financial services is regulated by the EU Directive governing "distance marketing of consumer financial services". As cross-border e-commerce becomes more and more important, for both consumers and suppliers, Austria's consumer protection agency participates in international co-operation activities within the International Consumer Protection and Enforcement Network (ICPEN). The Austrian authorities can further rely on the recently revised OECD Recommendation on Consumer Protection in E-commerce, which has updated provisions on digital content, consumer reviews and ratings, non-monetary transactions, new payment mechanisms, and the use of mobile devices to conclude transactions (OECD, 2016i).
Digital Europe, digital world
Access to broader markets -European or worldwide -is particularly important for new market entrants in small open economies such as Austria. As "scale without mass" is becoming a core performance driver in digital markets, achieving the European Digital Single Market is crucial for small open economies such as Austria (OECD 2017a). The OECD Recommendation on Consumer Protection in E-commerce (OECD, 2016j) provides a set of policy principles to foster the development of cross-border e-commerce: fair and transparent business and advertising practices; information about businesses, goods and services, transactions, as well as adequate dispute resolution and redress mechanisms, payment protection, and product safety. Governments and stakeholders should work together to improve consumer protection and determine what policy changes are necessary to address the special circumstances of ecommerce, including for children and vulnerable or disadvantaged consumers.
The main policy recommendations of this working paper are summarized in the following Box. Several of these recommendations are part of the strategic goals of the 2017 Digital Roadmap. Their formulation in terms of specific and quantitative objectives may facilitate their implementation and monitoring.
Recommendations to facilitate ICT diffusion
Key recommendations
 Set up a transparent monitoring system for the implementation of the Digital Roadmap, with timelines and quantitative targets  Integrate a Digital Skills Plan in the Roadmap, including for small firm owners and managers. Establish targets for ICT-generic, ICT-specialist and ICT-complementary skills.
 Facilitate new entries and stimulate competition in broadband services in the context of the Broadband Plan 2020.
 Ensure that competition policy responds to changing threats to competition in digital markets, including through international co-operation..
 Promote more effective data protection, cyber security and consumer protection. Improve public awareness that responsibility for risk management remains partly with firms and consumers themselves.
Further recommendations
 Develop further the social dialogue on digital transitions. Consider a joint report by social partners on the desirable labour market and social policy priorities.
 Develop further the technology transfer programmes for businesses, in particular for SMEs. These could include training and consulting activities and showcases of best-practices. Extend this support beyond manufacturing, to all service sectors.
 Further encourage the use of e-government platforms by reducing fees and/or making their use more attractive, including through specific training.  The authorities should work together with stakeholders in e-commerce to improve consumer protection and determine what policy changes are needed to address the special circumstances of e-commerce, including for children and vulnerable or disadvantaged consumers.

Encourage the creation of digital clusters in all regions in Austria.
 Continue to support venture capital investment and reduce tax and other disincentives for equity investments.
